Purpose. To evaluate the association between cervical sagittal alignment and thoracic/lumbopelvic sagittal alignment in healthy Japanese adults. Methods. 30 male and 22 female healthy adults aged 22 to 50 years were recruited. Spinal parameters were measured on radiographs, including the cervical sagittal vertical axis, sagittal vertical axis, C7 tilt angle, Ishihara index for cervical lordosis, thoracic kyphosis, lumbar lordosis, sacral slope, pelvic tilt, and pelvic incidence. Results. The C7 tilt angle positively correlated with the Ishihara index (r=0.52, p<0.0001) and thoracic kyphosis (r=0.53, p<0.0001). The Ishihara index positively correlated with thoracic kyphosis (r=0.34, p=0.01) and C7 tilt angle (r=0.52, p<0.0001). Pelvic incidence positively correlated with sacral slope (r=0.45, p=0.001), lumbar lordosis (r=0.26, p=0.07), and pelvic tilt (r=0.29, p=0.03). Compared with men, women had a smaller Ishihara index (0.07 vs. 0.001, p=0.03), thoracic kyphosis (30.5º vs 24.1º, p=0.02), Journal of Orthopaedic Surgery 2016;24(1):92-6 and C7 tilt angle (23.1º vs. 16.8º, p=0.02). Women had less cervical lordosis and thoracic kyphosis, that is, a straighter cervico-thoracic sagittal alignment. Conclusion. In healthy Japanese adults, cervical sagittal alignment is associated with thoracic sagittal alignment but not with lumbopelvic alignment.
sagittal alignment are limited. [10] [11] [12] [13] In elderly people, cervical sagittal alignment is affected by pelvic sagittal alignment. 14 This study aimed to evaluate the association between cervical sagittal alignment and total spinal sagittal alignment in terms of cervical lordosis, thoracic kyphosis, lumbar lordosis, and pelvic alignment in healthy Japanese adults.
Materials and Methods
This study was approved by the institutional review board of our institution. Written informed consent was obtained from each subject. 30 male and 22 female healthy adults aged 22 to 50 (mean, 35.4) years, mainly doctors, nurses, and other health professionals in our hospital, were recruited. The subjects had no symptoms or history of cranial or cervical spinal disease or cervical trauma. Individuals who had undergone spinal surgery, had scoliosis of ≥10º, or had current lumbar or cervical pain or stiff shoulder were excluded.
Standing anteroposterior radiographs were taken with the fingers clasped in front of the pelvis, and the head/neck maintained in the neutral position. Lateral radiographs of the entire vertebral column were taken in 2 directions. Radiographic parameters were measured by computer association (Fig) . 5, [15] [16] [17] The cervical sagittal vertical axis was the distance between the plumb line of the centre of C2 and the plumb line of the centre of C7. The sagittal vertical axis was the distance between the plumb line of the centre of C7 and the plumb line of the sacral posterior angle. The C7 tilt angle was the angle between the upper end plate of C7 and the horizontal plane. The Ishihara index for cervical lordosis was the sum of the distances from the posterior axes of C2 to C7 to each vertebral body divided by the vertebral posterior axis and then multiplied by 100. The thoracic kyphosis was the angle between the T4 upper end plate and the T12 lower end plate. The lumbar lordosis was the angle from the upper end plate of L1 to the upper end plate of L5. The sacral slope was the angle between the sacral plate and the horizontal plane. The pelvic tilt was the angle between the plumb line and the line connecting the midpoint of the sacral plate to the axis of the femoral heads. The pelvic incidence was the angle between the perpendicular line to the sacral plate at its midpoint and the line connecting the point to the middle axis of the femoral heads. The accuracy and intra-and inter-observer agreement of these measurements have been validated. 17, 18 Spinal parameters of men and women were compared using the unpaired Student's t-test. The correlations between spinal parameters were examined using the Spearman rank correlation. A p value of <0.05 was considered statistically significant.
results

Measurements of the spinal parameters are shown in
Figure
Measurements of cervical alignment, Ishihara index, and spinal sagittal alignment * * c-SVA denotes cervical sagittal vertical axis, C7S C7 tilt angle, SVA sagittal vertical axis, TK thoracic kyphosis, LS lumbar lordosis, SS sacral slope, PT pelvic tilt, and PI pelvic incidence 
Table 3 Comparison of spinal parameters for men and women
had less cervical lordosis and thoracic kyphosis, that is, a straighter cervico-thoracic sagittal alignment.
discussion
Lumbar lordosis is reduced and thoracic kyphosis is increased with ageing, leading to an increase in cervical lordosis, 15, 19 due to a compensation mechanism to maintain the spinal posture. A failure of this compensatory mechanism following spinal spondylotic degenerative changes may result in increased sagittal cervical deformity. 9 Pelvic incidence is a morphological constant and taken as an independent measure of pelvic spatial orientation, and for determining the relationships between pelvic angle and sagittal spinal alignment. 5 The spinopelvic balance in the sagittal plane represents a chain linking the head to the pelvis; each anatomic segment is closely related to the adjacent segment. 12 Neck and shoulder pain is associated with lumbar lordosis. 4, 20 Cervical lordosis is associated with thoracic kyphosis 10, 15 and pelvic tilt. 13 Cervical curvature positively correlates with C7 tilt angle. 15 In healthy subjects, cervical lordosis negatively correlates with thoracic kyphosis. 10 Thus, recognition of the cause of cervical malalignment is important for evaluating the relationships between other components of spinal alignment.
In our study, the Ishihara index positively correlated with thoracic kyphosis and C7 tilt angle. When the curvature of some of the thoracic or cervical vertebrae is changed, the spinal sagittal alignment compensates for the change without greatly affecting cervical sagittal vertical axis or sagittal vertical axis. Nonetheless, the cervical sagittal vertical axis did not correlate with lumbar lordosis, sacral slope, or pelvic tilt. Pelvic incidence correlated with the sacral slope and lumbar lordosis, but not with thoracic kyphosis or cervical alignment. These results differ from those in one study, 13 probably because young adults have a flexible spine and thus pelvic orientation can be easily modified by the compensatory mechanism in the lumbar spine.
Gender differences in alignment parameters remain controversial. Lumbar lordosis and sacral slope have been reported to be larger in women, [6] [7] [8] but others have reported no gender differences in thoracic kyphosis or lumbar lordosis 21, 22 or cervical sagittal alignment. 10, 23 In our study, women had less thoracic kyphosis and less cervical lordosis than men. Sagittal vertical axis was of positive balance in men and of negative balance in women, but the variation between individuals was large and the difference between men and women was not significant. These contradictions might be due to the difference in the size of the subjects. The C2 to C7 angle did not represent the cervical alignment between the occipital bone and C2. The cervical sagittal vertical axis was constant in both genders, and did not correlate with cervical or thoracic sagittal alignment. Thus, the load axis of C2 in adults was almost constant regardless of cervical lordosis. Elderly persons with a more rigid spine may have a different sagittal spinal alignment than young adults. 13 Further study is needed to analyse the differences between young adults and elderly persons in total spinal alignment, particularly in cervical alignment.
This study had a number of limitations. The number of subjects was small, and the study was not a longitudinal study. Information regarding the upper cervical angles between C0, C1, and C2 was lacking. The fists-on-clavicles position is commonly used for the total spinal radiographs before surgical correction for spinal deformity. However, for analysing normal total spinal alignment, the clasped finger position provides a more natural posture than the fists-onclavicles position. Although the patient's posture may lean more forward, there is no remarkable difference in the relationships within the spinal column. 17 Postural differences have been noted in race. 24 In Caucasians, cervical lordosis may be larger due to a larger thoracic kyphosis. The current study contributes to the understanding of normal cervical sagittal alignment for determination of the optimum position for cervical spinal fusion in Japanese adults. Future studies should analyse the motility of cervical alignment and should also include the elderly.
conclusion
In healthy Japanese adults, cervical sagittal alignment is associated with thoracic sagittal alignment but not with lumbopelvic alignment.
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